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(57) ABSTRACT

A new ultrasonic aided laser joining method (UAL) for
bonding dissimilar materials has been developed. The
method 1s capable of eliminating the laser-induced bubbles
at the bonding faces and to improve the joint strength over
that of the conventional laser-assisted metal and plastic
joming method (LAMP). Some experiments on joining
titanium to polyethylene terephthalate have been conducted
to show the superiority of UAL over LAMP. The results
showed that the joint strength, measured 1n terms of failure
load, was significantly increased when ultrasonic vibration
was employed during laser joining. For the LAMP joined
specimens, fracture normally occurred at the metal-plastic
interface, whereas for the UAL joined specimens, fracture
normally occurred 1n the parent plastic part. The improve-
ment 1n joint strength 1s mainly due to the elimination of
pores 1n the resolidified plastic. In addition, ultrasound

(Continued)




US 10,639,744 B2
Page 2

vibration promotes chemical bonding between the plastic
and metal parts, and this 1s supported by the XPS results.

10 Claims, 10 Drawing Sheets
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METHOD OF LASER JOINING OF
DISSIMILAR MATERIALS WITH
ULTRASONIC AID

COPYRIGHT NOTICE

A portion of the disclosure of this patent document
contains material, which 1s subject to copyright protection.
The copyright owner has no objection to the facsimile
reproduction by anyone of the patent document or the patent
disclosure, as 1t appears 1n the Patent and Trademark Oflice
patent file or records, but otherwise reserves all copyright
rights whatsoever.

FIELD OF THE INVENTION

The present mmvention relates to a joining system, and
more particularly, relates to an ultrasound aided laser joining,
system for joining two diflerent materials together, and the
corresponding operation methods.

BACKGROUND

The following references are cited in the specification.
Disclosures of these references are incorporated herein by
reference in their entirety.
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In recent years, considerable interest has been shown 1n
joining dissimilar materials such as light metals and plastics,
especially 1n automobiles and biomedical industries [1, 2].
The demands of integrating different materials are obvious,
due to resource and energy saving, environmental concerns,
as well as requirements for high functionality of light weight
products. Indeed, many automobiles and biomedical prod-
ucts are made of multi-components where various types of
materials are used and the advantages of each material are
realized. In fact, joining of plastics to metals 1s not new;
conventionally, joining methods consist of adhesive bonding
and mechanical fastening by screws or rivets [3]. Neverthe-
less, these traditional techniques have their own drawbacks;
indeed, as the incompatible structural, physical and chemical
properties, to join polymers to metals using conventional
methods 1s normally diflicult. In the case of adhesive bond-
ing, concerns are always on environmental 1ssues about the
restriction of volatile organic compounds emission. With
regard to mechanical fastening, inflexible design 1s a major
shortcoming. To circumvent some of these problems,
Katayama [4, 5] has developed a direct laser bonding
technique for joimning metals to plastics, namely laser-as-
sisted metals and plastics joiming (LAMP). In fact, LAMP
can also be used to join ceramics to plastics [6]. The 1dea 1s
straightforward, 1t uses laser light to heat up the metal-
plastic interface, either by transmitting the laser through the
plastic to generate heat at the interface or having the laser to
heat up the metal part and through thermal conduction to
cause the plastic at the interface to be heated up (FIG. 1). In
both cases, the plastic at the interface 1s melted and partly
decomposed; this results in the formation of bubbles 1n the
molten plastic, which will stay 1n the solidified plastic zone.
It 1s generally accepted that the high pressure developed
within laser-induced bubbles caused by rapid expansion
would 1induce the molten plastic to have intimate contact
with the metal surface and as a result, a strong mechanical
anchor eflect 1s attained as well as strong chemical bonding
between the metal and plastic parts.

Indeed, LAMP has been employed to rapidly produce
strong joints between commercially available metal alloys/
ceramics and engineering plastics [4, 6-9]. The research
results thus far have shown that the size, amount and the
distribution of the bubbles are the key factors that affect the
joint performance directly. Despite the achievement that has
been obtained for LAMP, the features of laser-induced
bubbles 1n the jomnt remain a major concern, although
assisting in creating an intimate contact surface between the
metal and plastic parts by inducing high pressure in the
molten plastic, the bubbles by nature are defects and there-
fore produce a counter eflect on joint strength. Unfortu-
nately, until now, there 1s still no eflective method that can
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be used to disperse large bubbles ito smaller ones or to
climinate the laser-induced bubbles entirely.

Although 1t 1s well known that both laser and ultrasonic
can be used independently to weld plastics to plastics and
metals to metals [10, 11], they are not suitable for joining
plastics to metals due to the vast differences in physical,
mechanical and chemical properties between them. None-
theless, some advancements have been made 1n 1improving
traditional processes to joint plastics to metals. Roesner [12]
using laser radiation to firstly treat the metal surface to create
microstructures with undercut grooves. Then using laser or
induction joining to melt the plastic and forced the molten
plastic into those grooves to obtain interlocking effects after
the plastic 1s solidified. A similar approach has been adopted
by Yeh [13], for which he firstly used laser irradiation to
ablate and to create micro-grid arrays on the metal part
surface then he placed the treated metal and plastic part
together as a lap joint and used ultrasonic welding to melt
the plastic and form the joint after the plastic 1s solidified.
The latter although using both laser and ultrasound, 1t 1s not
a conjoint action of laser and ultrasonic, and the functions of
laser 1rradiation and ultrasonic vibration are fundamentally
different from those of the present invention.

SUMMARY OF THE

INVENTION

The present mvention reports the development of a new
ultrasonic-aided laser joining method (UAL)—using con-
joint action of laser and ultrasonic—that can address the
bubble problem of LAMP. It 1s considered that with the aid
of ultrasonic vibration, the amount of bubbles can be
reduced or even be eliminated.

A first aspect of the present mnvention 1s to provide a laser
joimng system for joimng of two dissimilar materials.

According to an embodiment of the present invention, a
laser joining system for joining of a first material to a second
material, comprises: a laser system for emitting at least one
laser beam for irradiating a workpiece formed by placing the
first material on the second material; a vibration device
capable of vibrating at ultrasonic frequencies with a vibra-
tion amplitude for applying pressure on the workpiece
during laser joining; and a clamping device for clamping the
workpiece by applying a clamping force to the workpiece;
wherein one of the first and the second materials to be joined
1s transparent to the laser beam.

According to an embodiment of the present invention, a
laser joining system for joining of a plastic material to a
non-plastic material, comprises: a laser for emitting at least
one laser beam for wrradiating a workpiece formed by
placing the two materials together; an ultrasonic vibration
device capable of vibrating at a vibration frequency with a
vibration amplitude for applying pressure on the workpiece;
and a clamping device for clamping the workpiece by
applying a clamping force to the workpiece.

A second aspect of the present invention 1s to provide a
method for joining two dissimilar maternials with the laser
joi1mng system of the present invention.

According to an embodiment of the present invention, a
method for joining a first maternal to a second material with
the system of the present invention, comprises: placing the
first material on the second material to form the workpiece;
clamping the workpiece by the clamping device; 1rradiating
the workpiece by a laser beam; and applying pressure on the
workpiece via vibration of the ultrasonic vibration device;
wherein one of the first and the second materials to be joined
1s transparent to the laser beam.
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According to an embodiment of the present invention, a
method for joining a plastic material to a non-plastic mate-
rial with the laser joining system of the present invention,
comprises: placing the plastic material on the non-plastic
material to form the workpiece; clamping the workpiece by
the clamping device; 1rradiating the workpiece by the laser
beam; and applying high frequency vibration on the work-
piece via the ultrasonic vibration device.

BRIEF DESCRIPTION OF THE

DRAWINGS

Embodiments of the present invention are described in

more detail hereinafter with reference to the drawings, in
which:

FIG. 1 shows a schematic diagram showing the conven-
tional LAMP method [5]; (A) laser transmitting through the

plastic, (B) laser to heat up the metal part;
FIG. 2 shows (A) the UAL jomning system, (B) the

cross-sectional view of the ultrasonic vibration device and
the clamping device, (C) the magnified schematic view of
the ultrasonic vibration device, and (D) the operation view
of the system according to an embodiment of the present
invention;

FIG. 3 shows typical joint appearances as a function of
laser power for both the LAMP and UAL joined specimens
according to Example 1;

FIG. 4 shows cross-sections of the joints, showing the
joint interfaces of the (A) LAMP joined specimen and (B)
the UAL joined specimen (laser power 55 W, frequency 20
Hz and joining speed 4 mm/s) according to Example 1;

FIG. 5 shows high resolution of Cls XPS spectra taken
from the T1 side of the PE'T/ 11 specimen produced by LAMP
alter 1on-milling to different depths according to Example 1;

FIG. 6 shows high resolution of Cls XPS spectra taken
from the T1 side of the PET/T1 specimen produced by UAL
after 1on-milling to different depths according to Example 1;

FIG. 7 shows typical load-displacement curves obtamed
for the LAMP and the UAL joined specimens (laser power
55 W, pulse frequency 20 Hz, travel speed 4 mm/s) accord-
ing to Example 1;

FIG. 8 shows failure appearance of a LAMP specimen
according to Example 1;

FIG. 9 shows failure appearance of a UAL joined speci-
men according to Example 1;

FIG. 10 shows the eflects of laser power on failure load
(laser pulse frequency 20 Hz, travel speed 4 mm/s) accord-
ing to Example 1;

FIG. 11 shows typical joints formed by the LAMP and
UAL methods with the fractured specimens according to
Example 2 (produced using a low laser power of 30 W);

FIG. 12 shows typical load-displacement curves obtained
for the LAMP and UAL specimens according to Example 2
(produced using a low laser power of 30 W);

FIG. 13 shows a comparison of failure load for the LAMP
and UAL specimens according to Example 2 (produced
using a low laser power of 30 W);

FIG. 14 shows high resolution of Cls XPS spectra taken
from the 11 side of a LAMP specimen at diflerent 1on-milling
depths according to Example 2; and

FIG. 15 shows high resolution of Cls XPS spectra taken
from the Ti1 side of a UAL specimen at diflerent 1on-milling
depths according to Example 2.

DETAILED DESCRIPTION OF PR
EMBODIMENTS

(L]
Y

ERRED

In the following descrlptlon an ultrasound aided laser
joining system for joining two different materials and the
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corresponding operation methods are set forth as preferred
examples. It will be apparent to those skilled in the art that
modifications, including additions and/or substitutions, may
be made without departing from the scope and spirit of the
invention. Specific details may be omitted so as not to
obscure the invention; however, the disclosure 1s written to
enable one skilled 1n the art to practice the teachings herein
without undue experimentation.

The present mmvention presents a new ultrasonic-aided
laser joiming method (UAL) for joining plastics to non-
plastic materials (in particular metals and ceramics) that can
climinate the laser-induced bubbles and results 1n a signifi-
cant improvement in joint strength.

The UAL system allows the component to be joined be
ultrasonically vibrated while under laser 1rradiation. It com-
poses of a laser, an ultrasonic vibration device and a com-
ponent clamping device (FIG. 2A). And with the ultrasonic
device make moving along the welding line, a continuous
weld joint 1s formed. Similar to the conventional LAMP
jommng method, the laser will pass through the plastic
material and heat up the non-plastic surface (FIG. 1A),
which will then melt the adjacent plastic material at the
interface; or the laser will 1irradiate the non-plastic part (FIG.
1B), then heat up and melt the plastic at the interface.

In UAL, ultrasound serves the purposes of (1) eliminating,
the laser induce bubbles, and (11) to enhance chemical
bonding between the plastic and the non-plastic part. As a
result, the joint strength between the two materials 1s
enhanced.

As shown 1 FIG. 2A, an ultrasound aided laser joining
system comprises a laser 101, an ultrasonic vibration device
102, and a clamping device 103. A workpiece 109 clamped
by the clamping device 103 1s located between the laser 101
and the ultrasonic vibration device 102. The laser 101
includes a laser head 104 for focusing the laser beam. The
laser 101 can be a pulsed or a continuous laser. The
ultrasonic vibration device 102 1s powered up and controlled
by a wvibration generator 105. As shown in FIG. 2B, the
clamping device comprises clamp cylinders 106, a moveable
plate 107, and a fixed top plate 108 which 1s transparent to
the laser beam (in this case i1s quartz glass). The clamp
cylinders 106 are connected to the moveable plate 107. The
workpiece 109 1s placed between the moveable plate 107
and the top plate 108. The laser beam can pass through the
top plate 108 to irradiate on the workpiece 109. The move-
able plate 107 can change the position of the workpiece 109,
and a force 1s applied on the workpiece 109 when the
workpiece 109 1s 1n contact with the top plate 108. As shown
in FIG. 2C, the ultrasonic vibration device 102 comprises a
piezoelectric transducer 110, a velocity transformer 111 (to
transfer the vibration energy from the transducer to the
workpiece 109). The transformer 111 1s attached to the
transducer 110. An open channel 117 1s located on the
surface of the transformer 111. As shown 1n FIG. 2D, during
operation, the workpiece 109 comprising a non-plastic sheet
112 and a plastic sheet 113 (the plastic sheet 113 1s placed
on above the non-plastic sheet 112, or vice versa) 1s located
on the top surface of the transformer 111. A clamp force 116
acting on the workpiece 109 1s provided by the clamping
device 103. A laser beam 114 emerging from the laser head
104 radiates on the workpiece 109. Ultrasonic vibration 115,
generated by the ultrasonic vibration device 102, applies on
the workpiece 109 during the joining of the plastic sheet 113
to the non-plastic sheet 112 (the position of 113 and 112 can

be mterchanged).

EXAMPLE 1

In the present invention, both the LAMP and UAL joiming
experiments were conducted for a polyethylene terephtha-
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late (PET)/titantum (11) pair. Titanium and its alloys are
widely applied 1n aerospace equipment and medical appli-
cations. PET 1s the plastic maternal to be joined to Ti. It 1s an
important material for medical devices. Its chemical formula
1s (C,,HzO,), . The T1 (1 mm thick, purity 99.6%) and PET
(1 mm thick, amorphous) strips to be jomned have the
dimensions of 60 mmx25 mmx1 mm (LWT). The joining
face of the titanium specimens was polished using emery
paper, and all the T1 and PET specimens were cleaned in an
ultrasonic bath for 10 minutes in ethanol prior to laser
joining.

UAL joining was performed using a specially designed
ultrasonic-aided laser joining system (FIG. 2). The system
essentially consists of a 300 W pulsed laser, an ultrasonic
vibration device capable of vibrating at a frequency of 28
kHz and a clamping device. The ultrasonic vibration device
consists of a velocity transformer with an open channel at 1ts
surface (FIG. 2C) on which the workpiece 1s resting on.
Having the open channel 1s more eflective to remove the
bubbles when comparing with that having a flat surface. The
clamping device consists of a top quartz plate through whic
the laser beam 1s transmitted onto the workpiece with the
two electrically driven cylinders employed to apply a clamp-
ing force to the workpiece. The workpiece has the PET sheet
placed on the top of the titammum sheet. The laser beam
passes through a top fixed plate which 1s transparent to the
laser light (in this example 1s a quartz plate) and the PET
sheet, and when it reaches the surface of the titanium sheet,
due to the absorption of laser by the T1 metal, 1t 1s heated up
and this causes melting and some degrees of vaporization of
the contact surface of the PET sheet. The lap joint was
created by using one pass of laser beam only.

During laser joining, the ultrasonic device operates at a
duty cycle of 20%. Other UAL joining parameters used 1n
this study are listed in Table 1.

TABLE 1

The UAL joining parameters

Laser beam focal length 25 mm
Average laser power 45-75 W
Laser pulse frequency 15-25 Hz
Pulse duration & ms
Laser spot diameter 2.5 mm
Vibration frequency 28 kHz
Vibration amplitude 4 um

The chemical state of the Ti/PET joint interfaces was
studied using x-ray photoelectron spectroscopy (XPS). To
conduct the analysis, some LAMP and UAL joined speci-
mens were separated at the interface by mechanical means,
and the analysis was performed on the 11 part using XPS
analyzer. A software was employed to make a semi-quanti-
tative study on the quantity of bonds formed across the joint
interface based on the Cls line. This 1s achieved by 1on-
milling of the surface to different depths, and the XPS
analysis was performed on the etched surface after each
milling time.

A tensile testing machine was used to measure the failure
load of the laser jointed specimens. Testing was conducted
with a crosshead speed of 0.5 mm/min, and the failure load
and displacement curve was recorded. A series of tests was
conducted to study the eflects of the various laser processing
parameters on the load-displacement curve and the fractured
LAMP and UAL joined specimens were examined. For each
joining condition, three specimens were tested.
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Joint Appearance
All the joints were examined using an optical microscope.

FIG. 3 shows the joint appearance as a function of laser
power. The photos of the figure also compare the specimens
produced using the LAMP joining method, 1.e. without
ultrasound applied but using the same laser processing
parameters. In comparing the UAL and the LAMP joined
specimens, the photos show that with the employment of
ultrasonic vibration, the amount of bubbles was significantly
reduced and in most cases no bubble could be observed
under an optical microscope, 1n particular, when the laser
power did not exceed 355 W. An examination of the cross-
sections of the joined specimens showed that many bubbles
were trapped at the interfaces of the joints of the LAMP
specimens (FIG. 4A), while hardly any was found in the
UAL joined specimens (FIG. 4B). The photos also show that
for the LAMP method, the amount of bubbles increases
when the laser power increases.

X-Ray Photoelectron Spectroscopy Analysis

The XPS results (FIGS. 5, 6) show that a new peak at
281.7 eV 1dentified as the Cls line of T1—C appears for both
the LAMP and UAL specimens. The new peak 1s considered
due to T1 atoms having reacted with the phenyl carbons.

For the LAMP specimen, when the depth reaches 1440
nm, the energy peak of T1i—C has virtually disappeared. This
suggests that the thickness of the interface for the LAMP
specimen containing the new chemical bond of Ti—C was
about 1440 nm. For the UAL joined specimen, 1t was found
that the overall T1i—C peak was much higher than that of the
LAMP specimen (c.i FIG. 5 and FIG. 6). FIG. 6 also
indicates that at the same depth of 1440 nm a strong
chemical bond of T1i—C was still present.

The higher intensities of the Ti—C bond and a thicker
interface found 1n the UAL specimens indicate that ultra-
sonic vibration can enhance chemical bonding between the
metal part ('I1) and the plastic part (PET).

Failure Load of Joints

Typical load-displacement curves of the LAMP and the
UAL joined specimens are shown 1n FIG. 7. While FIGS. 8
and 9, respectively, show the failure aspect of the LAMP and
UAL specimens aiter the test. For the LAMP specimens, all
fractures occurred at the metal-plastic interface (FIG. 8),
whereas for the UAL joined specimens, fracture occurred in
the parent plastic material (FIG. 9). These results indicate
that the UAL joined specimens have higher metal-plastic
interfacial bond strength than that of the LAMP specimens.

With regard to the effects of laser power on joint strength,
a similar trend 1s observed for both the LAMP and the UAL
joined specimens (FIG. 10). The load increases imitially with
an increase 1 power and reaches a maximum at 55 W, then
decreases when the power increased further. An increase of
about 38% 1n failure load was obtained when ultrasound was

applied with a laser power of 55 W (FIG. 10) (average
fallure load for UAL=1031 N; average failure load for

LAMP=758 N).

EXAMPLE 2

Some more experiments using low laser power have been
performed. The i1dea 1s to prevent vaporization of the plastic
and the formation of bubbles 1n the joint at the first place for
both the LAMP and UAL methods, and to prove that for
such conditions, the present invention 1s also better than (in
terms of failure load) the conventional LAMP method. The
UAL consists of a laser source (which in this example 1s a
300 W pulsed laser), an ultrasonic vibration device (which
1s capable of vibrating at a frequency of 28 kHz) and an

10

15

20

25

30

35

40

45

50

55

60

65

8

apparatus clamping device. The joining parameters used 1n
the experiment are given in Table 2.

TABLE 2

Joining Parameters

Laser beam focal length 25 mm
Laser power 30 W
Laser pulse frequency 15 Hz
Pulse duration & ms
Spot size of the laser beam J 2.5 mm
Ultrasonic vibration frequency 28 kHz
Ultrasonic vibration amplitude 2 u-6 um

To perform UAL joining, the plastic sheet 1s placed on top
of the metal sheet. The laser beam passes through a quartz
plate and a plastic sheet, and when 1t reaches the metal
surface, heat 1s absorbed by the metal, and as a result, the
contact surface of the plastic sheet 1s melted but no vapor-
ization occurs. The laser power energy was kept to the limat
of 30 W to avoid decomposition of the polymer and the
formation of laser-induced bubbles, which are detrimental to
joint strength. The lap joint was created by using one pass of
the laser beam only. This produces a lap-joint length of about
15 mm.

Maternials and Analysis of Joints

The materials to be joined were polyethylene terephtha-
late (PET) sheets and T1 sheets (99.6% purity). The PET
sheets are highly transparent and their chemical formula 1s
(C,,HgO,), . The dimensions of the T1 and PET strips to be
joined are 60 mmx20 mmx1 mm (LWT). The surfaces of all
samples were ultrasonically cleaned 1n an ethanol bath for
10 minutes.

The chemical bonds were 1dentified using an XPS ana-
lyzer, and a tensile testing machine was used to evaluate the
quality of the joint. To perform the XPS study of the joint
interface, the PET/T1 joint was separated by mechanical
means. In order to examine the chemical bonds across the
joint 1mnterface, an Ar-1on beam was used to etch the sample
surface to various depths below the fracture surface. A
soltware was used to provide a semi-quantitative analysis of
the bonds formed across the joint interface based on the Cls
line.

Joint Appearance and Failure Load

The joints formed with and without ultrasonic vibration
were examined using an optical microscope. FIG. 11 shows
typical joint appearances and failure appearances of the
LAMP joined specimens and UAL joined specimens. For all
specimens which were processed using a laser power of 30
W, no bubble (porosity) was observed in the joint. It was
found that 11 a laser power higher than 30 W was used, many
bubbles would develop 1n the joint (FIG. 3 of Example 1 of
the LAMP joints).

FIGS. 12 and 13 show the results of the failure load of the
jomts formed with and without ultrasonic vibration. The
results clearly illustrate that failure load increased signifi-
cantly when ultrasonic vibration was applied, and the
improvement can be as high as fourfold (FIG. 13). The
difference 1n failure load between the joints formed with and
without ultrasonic vibration 1s apparent when their fracture
modes were considered. The one without vibration failed at
the interface between the metal and plastic parts; while for
the specimens with ultrasonic aid, the fracture occurred in
the plastic part (FIG. 11).

XPS Analysis

XPS was performed across the joint interface by 1on-

milling to different depths from the Ti surface. At a milling
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depth of 60 nm, similar to Example 1, a new peak at
approximately 281.7 eV, which 1dentified to be the Cls line
of T1i—C was observed for both specimens (FIG. 14 and
FIG. 15). FIGS. 14 and 15 also show that for the LAMP
specimen, the peak at 281.7 eV virtually disappeared when
milling depth reached 600 nm. This suggests that thickness
of the mterface containing the new chemical bond of Ti—C
was about 600 nm. However, for the UAL specimen, this
happens at the depth of 1440 nm. This indicates that the
thickness of the interface containing the new chemical bond

of Ti—C was significantly thicker than that of the LAMP
jo1nt.

Concluding Remarks of Examples 1 and 2

Ultrasonic vibration was applied to the joint zone 1n laser
joimng of PET plastic to T1 metal with the aim of improving,
the joint strength. The effects of ultrasonic vibration on joint
appearance, chemical bonds across the joint interface and
the failure load of the joint were studied. The major findings
are summarized as follows.

For the conventional LAMP joining method, above a
certain laser power, the formation of bubbles 1n the joint
zone 1s 1nevitable and the amount 1s largely depending on
laser power; the higher the power, the more bubbles will be.
On the other hand, bubbles can be virtually eliminated for
the UAL method, except for the condition of a high laser
power mput, which within the window of this study was
above 55 W (Example 1).

For both the joimnts formed with and without ultrasonic
vibration (1.e. UAL and LAMP methods), no bubbles were
observed when a low laser power was used, which in this
case was 30 W (Example 2).

Ultrasonic vibration promotes chemical reactions
between molten PET and Ti1 metal. The XPS results showed
that the UAL specimens have higher bond intensity of T1—C
at the joint interface than the LAMP specimens.

Compare the fracture load of the LAMP and UAL speci-
mens, (both produced by low and high laser powers, 1.¢.
Examples 1 and 2) the failure load of the latter was signifi-
cantly higher than that of the former.

The improvement obtained for the joints formed using
UAL 1s due to the absence of bubbles 1n the joint and/or a
strong chemically bonded interface 1s formed.

It 1s believed that the UAL method can be applied to other
plastic-metal pairs and not limited to PET-T1 with similar
cllects.

The foregoing description of the present invention has
been provided for the purposes of illustration and descrip-
tion. It 1s not intended to be exhaustive or to limit the
invention to the precise forms disclosed. Many modifica-
tions and variations will be apparent to the practitioner
skilled 1n the art.

The embodiments were chosen and described 1n order to
best explain the principles of the invention and 1ts practical
application, thereby enabling others skilled in the art to
understand the invention for various embodiments and with
vartous modifications that are suited to the particular use
contemplated. It 1s intended that the scope of the imnvention
be defined by the following claims and their equivalence.

What 1s claimed are:
1. A laser joining system for joining of a first material to
a second material comprising:

a laser system for emitting a laser beam for 1rradiating a
top surface of a workpiece comprising a {irst sheet of
the first material and a second sheet of the second
material, the first sheet being located on top of the
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second sheet such that a top surface of the first sheet
forms the top surface of the workpiece, a bottom
surtace of the second sheet forms a bottom surface of
the workpiece and a joint interface 1s formed between
the first sheet and the second sheet, wherein the first
material 1s a plastic being transparent to the laser beam:;
and the second material 1s a metal or a ceramic;
an ultrasonic vibration device comprising a transducer
and a transformer allowing transier of vibration energy
from the transducer to the workpiece and being capable
of vibrating at an ultrasonic frequency with a vibration
amplitude for applying pressure on molten plastic at the
join interface through the second sheet by contacting
the bottom surface of the workpiece with a top surface
of the transformer to remove laser-induced bubbles
from the molten plastic during laser joining; and
a clamping device comprising one or more clamp cylin-
ders, a moveable plate, and a top fixed plate, the top
fixed plate being transparent to the laser beam, the
workpiece being located between the moveable plate
and the top fixed plate, the one or more clamp cylinders
being for clamping the moveable plate and the top fixed
plate, the clamping device being located between the
laser system and the ultrasonic vibration device such
that the top surface of the workpiece 1s 1irradiated by the
laser beam and the bottom surface of the workpiece 1s
rested on the top surface of the transformer;
wherein the pressure applied on the molten plastic at the
joint interface reduces or eliminates the laser-induced
bubbles from the molten plastic at the joint interface
thereby enhancing chemical bonding between the plas-
tic and the second material thereby enhancing bond
strength of the workpiece.
2. The laser joining system of claim 1, wherein the laser
beam 1s pulsed or continuous.
3. The laser joining system of claim 1, wherein the top
surface of the transformer has an open channel for improv-
ing the removal of the laser-induced bubbles from the
molten plastic at the joint interface.
4. A method for joimning a first material to a second
material with the laser joining system of claim 1, the method
comprising:
placing a first sheet of the first material on top of a second
sheet of the second material to form a workpiece such
that a top surface of the first sheet forms a top surface
of the workpiece, a bottom surface of the second sheet
forms a bottom surface of the workpiece and a joint
interface 1s formed between the first sheet and the
second sheet, wherein the first matenial 1s a plastic
being transparent to a laser beam emitted from the laser
system; and the second material 1s a metal or a ceramic;

clamping the workpiece between the laser system and the
ultrasonic vibration device with the clamping device in
a way that the workpiece 1s placed between the top
fixed plate and the moveable plate such that the top
surface of the workpiece 1s irradiated by the laser beam
and the bottom surface of the workpiece 1s rested on the
top surtace of the transformer;

irradiating the top surface of the workpiece by the laser

beam along a welding line such that the laser beam
passes through the top fixed plate and the first sheet to
melt a contact surface of the first sheet at the joint
interface thereby forming molten plastic containing
laser-induced bubbles at the joint interface; and
applying pressure on the molten plastic at the joint
interface through the second sheet by contacting the
bottom surface of the workpiece with the top surface of
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the transformer at an ultrasonic frequency with a vibra-

tion amplitude along the welding line to remove the

laser-induced bubbles from the molten plastic at the

joint imterface thereby enhancing chemical bonding

between the plastic and the second material thereby
enhancing bond strength of the workpiece.

5. The method of claim 4, wherein the plastic 1s polyeth-
ylene terephthalate (PET) and the metal 1s titamum (T1).

6. The method of claim 4, wherein the laser beam has an
average power 1n a range of 30 W to 75 W.

7. The method of claim 4, wherein the laser beam has a
pulse frequency 1n a range of 15 Hz to 25 Hz.

8. The method of claim 4, wherein the laser beam operates
at pulse duration in a range of 6 ms to 10 ms.

9. The method of claim 4, wherein the vibration amplitude
1s 1n a range of 2 um to 6 um.

10. The method of claim 4, wherein the top surface of the
transformer has an open channel for improving the removal
of the laser-induced bubbles from the molten plastic at the
joint interface.
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